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1st Editorial Decision 24 January 2011 

Thank you again for submitting your work to Molecular Systems Biology. We have now heard back 
from the three referees whom we asked to evaluate your manuscript. As you will see from the 
reports below, the referees find the topic of your study of potential interest. However, they raise 
several concerns, which should be convincingly addressed in a revision of the present work.  
 
The main concerns noted by the reviewers refer to the following aspects:  
- the need to characterize better the relationship between DNA copy number input and measured 
fluorescence output.  
- additional clarifications are required with regard to the FACS data and the observed behavior of 
the negative control circuits.  
 
In addition to our capacity to host datasets in our supplementary in formation section, we provide a 
new functionality on our website, which allows readers to directly download the 'source data' 
associated with selected figure panels (eg <http://tinyurl.com/365zpej>), for the purpose of 
alternative visualization, re-analysis or integration with other data. These files are separate from the 
traditional supplementary information files and are directly linked to specific figure panels. In the 
case of this study, we would strongly encourage you to submit the source data files corresponding to 
the quantitative measurements presented in the figures included in this manuscript. We provide 
below some general guidelines with regard to the format of such data tables.  
 
 
*** PLEASE NOTE *** As part of the EMBO Publications transparent editorial process initiative 
(see our Editorial at http://www.nature.com/msb/journal/v6/n1/full/msb201072.html), Molecular 
Systems Biology will publish online a Review Process File to accompany accepted manuscripts. 
When preparing your letter of response, please be aware that in the event of acceptance, your cover 
letter/point-by-point document will be included as part of this File, which will be available to the 
scientific community. More information about this initiative is available in our Instructions to 
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Authors. If you have any questions about this initiative, please contact the editorial office 
msb@embo.org.  
 
If you feel you can satisfactorily deal with these points and those listed by the referees, you may 
wish to submit a revised version of your manuscript. Please attach a covering letter giving details of 
the way in which you have handled each of the points raised by the referees.  
 
Thank you for submitting this work. I am looking forward to receiving your revised manuscript.  
 
Yours sincerely,  

Editor  
Molecular Systems Biology  
 
 
GENERAL GUIDELINES FOR SUBMISSION OF DATA ASSOCIATED WITH FIGURES:  
 
The data should at least be usable by readers who understand the topic of the paper and should at 
least allow to redraw (some of) the figures using an alternative graphical representation. The data 
should also be annotated to some extent to provide essential information about the meaning of the 
values included. The general purpose of the annotation is to facilitate the link between the data 
submitted and the description provided in the figure legends in the main paper.  
 
Please note that these are tentative guidelines and we appreciate any feedback you may have.  
 
1. If appropriate standards exist, data and annotation (meta-data) should be provided using the 
relevant data exchange format and controlled vocabularies, either in XML or using the 
corresponding tabular format.  
 
2. If no suitable standard is available, data should be submitted in a tabular format. In this case, we 
recommend to use only a single file per figure panel, containing both the relevant data (time 
coordinates, measurements, computed values, summary statistics, etc...) and the annotations 
explaining the meaning of the columns in the data file. The files should be submitted as 'datasets' in 
the tracking system.  
 
3. If possible, the files should be named according to the associated Figure and panel as follows: 
'Source data for Figure 1B,C', 'Source data for Figure 2C and Supplementary Figure S2', etc...  
 
4. Tabular data should be in csv or tab delimited text; data can also be submitted as a single Excel 
worksheet (1 file per panel), which will be converted into a text file at production stage.  
 
5. The first cell (first row, first column) should contain a brief description (free text, without comma 
'tab' or 'return' characters) of the nature of the data and experimental or computational procedure or a 
reference to the part of the main manuscript which describes the relevant experiment (eg Figure 
legend, Materials and Methods paragraph).  
 
6. The second row of a table contains column headers (alphanumeric string without space or 
punctuation); each column has a single data type; empty rows will be deleted.  
 
7. Cells of the third row should contain each a description (free text) of the meaning of the 
respective columns (do not be afraid to use copy-paste, if necessary); this should specify the *data 
type* (eg gene symbol, metabolite concentration, phosphorylation level, reporter gene expression, 
fluorescence level, etc...) and the units (if applicable) of the respective data/measurements. As far as 
possible, use the same terminology as in figure legend and mention the same labels as on the 
graphical version of the figure.  
 
8. The columns should be of single data type (eg text, numerical values, dates).  
 
9. There should be no empty rows.  
 
10. The data file should contain, if reasonable, both the raw unprocessed data (corresponding to the 
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actual experimental measurements or the original computational results, including replicates) and 
the post-processing values used to generate the figure (eg using summary statistics, averages, 
standard deviations, etc...).  
 
---------------------------------------------------------------------------  
 
REFEREE REPORTS 

----------------------------------------------------------------------------  
 
 
Reviewer #1 (Remarks to the Author):  
 
 
This is a rigorous study that discovers important and useful circuits that can make biological output 
insensitive to DNA dosage. The circuits are similar to those commonly found in mammalian cells 
(as well as in other species) , called incoherent feedforward loops (I1FFL) . In particular, use of 
RNAi in these feedforward loops makes their robust dosage properties most pronounced. This is 
relevant since many mammalian I1FFLs seem to use microRNAs in precisely the same positon as in 
the present paper.  
 
The data is clean and the controls are well done. I liked the use of two fluorescent colors to provide 
both input and output levels in indidivual cells. I also liked the comparison to feedback loops, which 
lack the dosage compensation property.  
 
I recommend publication of the paper in its present form.  
 
The authors might like to add references that provide evidence for microRNAs in naturally occuring 
IFFL circuits, eg:  
 
Tsang J, Zhu J, van Oudenaarden A.  
Mol Cell. 2007 Jun 8;26(5):753-67  
 
 
 
 
Reviewer #2 (Remarks to the Author):  
 
Bleris et al constructed sophisticated synthetic circuits to show that incoherent feed-forward loops 
(IFFLs) enable adaptive gene expression: that is, the level of gene expression adapts to the changes 
in DNA template abundance. An interesting novelty in these synthetic circuits is the fact that the 
input level is the DNA itself. The authors implement the IFFLs to work on various levels, 
transcriptional and post transcriptional, and show that post transcriptional IFFL adapts better with 
reduced noise levels.  
The authors also constructed a negative autoregulatory circuit and provide a detailed computational 
analysis to compare between the features of the IFFLs and the negative autoregulatory motif.  
 
While the implementation of the various synthetic circuits is impressive, there are several key results 
that need to be further addressed:  
 
1. A key point of the entire study is the presumed linear relationship between the measured 
fluorescence and the plasmid copy number. Fluorescence probably positively correlates with 
plasmid copy number, but is the correlation linear for a wide range of plasmid copy number? The 
authors cite Schwake et al. to argue that the relationship is linear. But Schwake et al employ a 
mathematical model to show that the experimental results can be fitted with a linear relationship. 
Since the linear relationship is central to the interpretation of virtually all the results presented in this 
study, can the authors supply a better demonstration that in their system fluorescence depends 
linearly on plasmid number? Moreover, is the liner relationship kept for a wide range of copy 
number? In particular, is it true for the high levels of copy number where gene expression reaches a 
steady state and is independent on the plasmid copy number?  
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On that note, Schwake et al used a similar transfection protocol (Lipofectamin 2000 and similar 
amount of plasmid). Their conclusion was that the number of active vector complexes (vectors 
which express a protein) is on the order of one. Can the authors determine the level of active 
complexes in their system? This is important since the authors assume a wide distribution for the 
plasmid copy number and all subsequent interpretation of the results as well as the basis for the 
simulations and noise analysis relies on this assumption. Also, if this is indeed the case, then a 
significant part of the noise will result from the small number of plasmids. The authors indeed find a 
significant noise which can not be explained based on their various control circuits.  
 
 
2. FACS data.  
(i) - In fig 3A, the authors show that with full functional repression by LacI (WT), gene expression 
of the output saturates quickly with respect to the plasmid copy number (input). The adaptive feature 
gradually decreases when decreasing LacI binding (the different mutants and the negative control). 
While the increase in the expression of DsRed is obvious when reducing LacI binding, it is not 
obvious why the maximal expression level of the input (ZsGreen) decreases as the maximal level of 
DsRed increases. Can the authors explain this observation? One possibility which the authors ought 
to rule out is that LacI binding to the mutated (and to the negative ctrl) sites of LacO somehow 
interferes with the expression of the divergent DsRed gene.  
 
(ii) - In Fig 4, the authors show saturation for the post-transcriptional IFFLs. Again, the maximal 
expression levels for the negative control are significantly lower. In fact, as shown in fig 4c, there is 
a similar, almost perfect linear relationship, between the input and the output for the IFFL and the 
negative control for the same range of input levels. Thus, the negative control does not show that it 
does not adapt as opposed to the 'WT' circuit that reaches saturation. Can the authors explain that? 
Could it be that if the negative control circuits had higher expression levels a similar saturation will 
be observed? If so, it will suggest that IFFLs are not required for the adaptive feature in these 
synthetic circuits and that the adaptation is somehow inherent to this synthetic system.  
 
Also, I could not find any referral to fig 4e in the text. There is also no description of what the two 
right most images of fig 4e represent (IFFL type I or II ?).  
 
 
3. FACS analysis  
In transformations only a small fraction of the cells eventually obtain the plasmid. Were the non-
transformed cells excluded from the analysis? Can the authors show the background level of the 
cells (non-transformed) for the different channels for the same instrument setup? The authors 
restricted the analysis to counts which were less than half of the instruments' dynamic range to avoid 
biasing towards saturated data points, but there is no reference regarding the lower range of the 
dataset. For example, in figure S2A, it seems that a significant fraction of the cells have considerable 
DsRed levels (up to 2x10^4 a.u.) but the AmCyan levels are close to zero. Could it be that the lower 
range of the input-output linear dependence actually falls in the background autofluorescence of the 
cells?  
 
 
Minor:  
Some of the statements are not clear or don't make sense:  
(1) Page 6 (in the middle), the sentence " While strictly speaking...differences in reporter levels" 
does not sound logic after " synthesis and degradation rates, ". Should either add however or end the 
sentence and start a new one " Differnces in the copy-number...".  
 
(2) The last sentence starting on page 11 and continues on page 12 does not read well once reading", 
are slightly sensitive...."  
 
(3) page 13, typo in the 1st paragraph, "outut"  
(4) in SI, page 40 typo "explanded"  
 
 
 
Reviewer #3 (Remarks to the Author):  
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The authors analyze synthetic biological circuits in mammalian cells to explore levels of adaptation 
and fluctuations in output resulting from changes in DNA copy number. They focus on two types of 
post-transcriptional incoherent feed-forward loops and compare their behavior with a transcriptional 
FFL and a negative feedback loop. They use numerical and analytical modeling to generate 
predictions about the behavior of these various circuits. They predicted that all forms of FFLs would 
show adaptation with respect to DNA copy number variation, but as the inhibition is weakened the 
input-output behavior would become more linear. The analytical treatment provided additional 
constraints for when these results would hold true. They tested and validated the predictions 
experimentally using transient transfection of genetic constructs and flow cytometry. They show that 
the post-transcriptional IFFLs are less noisy and provide a greater range of adaptability compared 
with the transcriptional IFFL.  
 
This work presents a clear analysis of a biologically important genetic motif. The manuscript shows 
a nice, complementary combination of computational, analytical, and experimental techniques to 
tackle an intriguing question.  
 
Major comments:  
1) The authors rely on a fluorescent read-out of the input to the circuit, which is the DNA copy 
number. However, there is no attempt at calibration between the two quantities. The only mention of 
this is during the discussion of model in which it is stated, "The amplitude of the measured 
fluorescence was arbitrarily assigned to correspond to 100 plasmid copies." As far as I know there is 
no support for such a connection in the literature. Providing some form of calibration would greatly 
strengthen the manuscript. One possibility would be to use a targeted stable knock-in of the genetic 
circuit into cells for calibration purposes.  
2) The analysis of the "biphasic" regime of the IFFLs is confusing. It seems that for conditions in 
which such biphasic behavior arises, a higher copy number results in a breakdown of adaptation. 
However, the experimental analysis of the circuits shows the exact opposite - breakdown of 
adaptability occurs at low copy number. The authors should address these contradictory results.  
3) The results are encouraging for synthetic biologists. However, the conclusion that adaptation 
occurs only in the larger input regimes reduces the potential impact in regard to gene dosage 
compensation in natural systems, in which gene copy numbers are very small. Are there other 
systems which this study can shed light on their behaviors? i.e., systems with greater genetic copy 
numbers? A discussion of such systems will increase the impact of the manuscript.  
 
Minor comments:  
1) It would be helpful to include diagrams and more detailed descriptions of the negative control 
circuits in the main text, instead of just the Supplementary Materials. It was especially difficult to 
track down the negative control for the post-transcriptional IFFLs in Figure 4A and B.  
2) Why are there different ranges for the inputs in the different experiments in Fig. 3A? One would 
expect that under the same transfection conditions, expression of the green fluorophore should have 
a comparable range, since the mutation in the LacO should only affect DsRed expression.  
3) I believe the caption of Supp Fig S2N should refer to red and black, rather than green and brown. 
 
 
 
1st Revision - authors' response 13 May 2011 

 
Thank you for the invitation to submit a revised version of our manuscript, Synthetic Incoherent 
Feed-forward Circuits Show Adaptation to the Amount of their Genetic Template. We appreciate 
reviewers’ comments and suggestions. As a result of their feedback we performed a number of 
additional experiments as well as an additional in-depth study of published literature. Our detailed 
responses can be found in the point-by-point document. Briefly, we contend that we were able to 
positively address all the concerns, including the question regarding the linearity of copy number 
versus fluorescence (that we and others found to be linear) and the issue of reduced fluorescent 
intensity of the input marker in the control circuits (that we found to likely result from limited 
ribosome availability). We believe that these new data support our original conclusions and result in 
a significant improvement over our original submission.
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Thank you again for sending us your revised manuscript. We are now satisfied with the 
modifications made and I am pleased to inform you that your paper has been accepted for 
publication.  
 
***SOURCE DATA*** In view of the quantitative nature of your study, we would strongly 
encourage you to forward us by email a zipped folder with 'source data files' for figure panels 
representing quantitative experimental data (ie panels in Figure 3, 4 and 5). Source data are directly 
linked to specific figure panels so that interested readers can directly download the associated 
'source data' (see, for example, <http://tinyurl.com/365zpej>), for the purpose of alternative 
visualization, re-analysis or integration with other data. I paste below the respective section of you 
instruction to authors and general formating guidelines are available at 
<http://www.nature.com/msb/authors/source-data.pdf>.  
 
Thank you very much for submitting your work to Molecular Systems Biology.  
 
 
Sincerely,  

Editor  
Molecular Systems Biology  
 
 

From the instruction to authors (http://www.nature.com/msb/authors):  
 
Source data for figures:  
 
Molecular Systems Biology strongly encourages authors to upload the 'source data'-for example, 
tables of individual numerical values and measurements-that were used to generate figures. These 
files are separate from the traditional supplementary information files and are submitted using the 
"figure source data" option in the tracking system. Source data are directly linked to specific figure 
panels so that interested readers can directly download the associated 'source data' (see, for example, 
<http://tinyurl.com/365zpej>), for the purpose of alternative visualization, re-analysis or integration 
with other data.  
 
The data should at usable by readers who understand the topic of the paper and should, at minimum, 
allow users to redraw the figures using an alternative graphical representation. Data should be 
annotated to provide essential information values included, providing a clear link to the figure 
legends in the main paper. Additional formatting guidelines for 'source data' are available for 
download <http://www.nature.com/msb/authors/source-data.pdf>.  
 
 
Reviewer #2 (Remarks to the Author):  
 
The authors addressed all the concerns. I therefore recommend the publication of the manuscript.  
 
 
Reviewer #3 (Remarks to the Author):  
 
The current study has been significantly improved since the original submission. All the concerns I 
had while reviewing this study have been satisfactory addressed. The addition of proper controls and 
analysis make the conclusions stronger and convincing. In cases where I, or the other reviewers, 
found the data or analysis confusing (for example, my previous comment 3.2) it would be helpful to 
clarify the results also in the paper and not only in the "response to reviewers", since other might be 
confused as well.
 


